Domain interactions in antibody Fv and scFv fragments: effects on unfolding kinetics and equilibria.
The equilibrium denaturation and unfolding kinetics of the domains V(L) and V(H) have been compared with those of the Fv and single-chain Fv (scFv) fragment of an engineered variant of the antibody McPC603 in the presence and absence of the antigen phosphorylcholine. The scFv fragment is significantly more stable than the isolated constituting domains. Antigen binding stabilizes the heterodimeric assembly even further. Domain dissociation and domain unfolding are coupled processes, giving rise to a highly cooperative unfolding transition. For the Fv fragment, cooperative unfolding is only observed in the presence of antigen. At low protein concentrations and in the absence of antigen, the Fv fragment is significantly destabilized, leading to quantitative domain dissociation before significant domain unfolding takes place. The kinetic unfolding of V(H), V(L) and the scFv fragment is monophasic. Unfolding of the scFv fragment is much slower, when extrapolated to zero denaturant, than either of the isolated domains, suggesting that the higher thermodynamic stability of the scFv fragment is at least partially due to a high-energy transition state for unfolding. These studies emphasize the enormous importance of mutual domain stabilization in engineering stable antibodies.